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To all whom it may concern: i ... .
Be it known that I, Irvine LANGMUIR, a

citizen of the United States, residing at

Schenectady, in the county of Schenectady,

State of New York, have invented certain

new and useful Improvements in Electron-
Discharge Apparatus, of which the follow-
ing is a specification. -

My present invention relates to electron
discharge devices, for example, discharge
tubes having an incandescent cathode. This
application is a continuation in part of my
prior application Serial No. 795,609, filed
October 16, 1913, renewed March 14, 1916,
as Serial No. 84,241, - .

Devices of this nature as described and

‘broadly claimed in a copending application,

Serial No. 795,610, filed October 16, 1913,
are provided with an electron-emitting
cathode, an anode, and a conducting body,
commonly termed a “grid,” consisting or-
dinarily of an electrical conductor located
between cathode and anode for staticall

controlling the electrical discharge condi-
tions of the tube. Electron discharge de-
vices as described in the above application
may be operated at exceedingly high volt-
ages and have a high load capacity. This
new apparatus is suited for use in a much
wider field than former devices of this na-

. ture which were limited to low voltages and
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very feeble currents.

The present invention comprises various
structural features of novelty which co-
operate to improve the operating character-
istics of devices of this type as well as to
simplify their manufacture. For example,

. in accordance with my invention, the grid
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is made up of a considerable length of wire
and is provided with terminals at each end
which are sealed into the tube in order that
current may be passed through the grid
wire. The anode is also constructed in a
similar way.” This method of constructing
3 grid has a special advantage in that it en-

‘ables the device to be operated in such a

way that the potential gradient along the

grid is the same as that along the filament.

In the accompanying drawings, various
forms of apparatus are shown- illustrative
of my invention. Figure 1 illustrates an
electron discharge tube with its parts assem-
bled; Figs. 2 to 4, inclusive, show alterna.
tive forms of electrode and grid construe-
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tions, and Fig. 5 shows a system of ‘connec-"

tions which may be employed in order to
produce a potential gradient along the
which is the same as that along the
ment. : )

As shown in Fig. 1, the various parts of
the apparatus may be mounted in a tube ox
globe 1 upon a pedestal 2 similar to the
mount employed for incandescent lamps.
The cathode construction is shown in Fig.
2. Tt consists of a substantially straight
filament 4 of highly refractory material,
preferably tungsten, and provided with ter-
minmals 5, 5’. The filament 4 is mounted,
preferably attached, to a light spring 6, be-
tween two oppositely disposed supports
and ‘8 constituting a frame-work, which is
made of insulating material, such as glass
or quartz. Upon this framework is wound
a wire 9, the turns of which are closely ad-
jacent to each other and are also very closely
adjacent to but are out of contact with the
incandescent cathode, The conductor 9,
which may be very fine, constitutes a grid
which, by means of applied potential, ex-
erts a static control upon the electron dis-
charge. The supporting framework for the

_cathode and the grid is attached to a rod

10, mounted upon the stem of the tube. - Ad-
jacent to the cathode and grid is the anode
11 which in the present case has been in-
dicated as consisting of a wire strung in a
zig-zag manner over hooks 12 upon fork-
shaped supports 13 and 14, but it is not
necessary that it should assume this partic-
ular form. Both anode and grid preferably
consist of tungsten, but other gas-free re-
fractory metals may be used. By consti-
tuting the anode a continuous conductor it
can be conveniently heated by passage of
current during evacuation of the device and
for this purpose is attached to leading-in
conductors 15, 15,
5,5’ are supplied with current through lead-
ing-in wires 16, 16’. Although it is not
necessary for all purposes to provide con-
nections for each end of the grid it is desir-
able to do'so:when the potential applied to
the grid is small and in the case of a
straight or linear cathode the potential
gradient along the grid may to advantage
e the same as that on-the filament. In this
manner the potential drop from grid to

cathode is the same along its length. The
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grid is indicated in Fig. 1 as being attached
to leading-in conductors 17, 17° at opposite
ends. -
I have illustrated in Fig. 5 one system of
connections which may be employed when
the device which I have described is used
as ancamplifyer. In this case a battery 18
supplies the heating current for the cathode
4 and a battery 19 of the same voltage as
battery 18 is applied to the terminals of the
grid 9 so as to produce a potential gradient
along the grid the same as that along the
filament. The current or potential which is
to be amplified may be applied to the coil 20
which is connected in a circuit between the
grid and cathode. A battery 21 may also
be connected in this circuit to impress upon
the grid a normal potential at which the de-
vice will operate to the best advantage.

With this arrangement it will" be ap-
parent that the difference of potential be-
tween any point on the cathode and the por-
tion of the grid nearest thereto will be the
same along the entire length of the cathode.
A hattery 22 connected in a cireuit between
cathode and anode furnishes current for the
operation of a telephone receiver 23 or any
other device desired for giving an indica-
tion of the amplified current. '

In some cases it may be desirable to use
a V-shaped conductor for the cathode and
attach to its bight a spring as shown at 24,
25, in Fig. 8. In this manner contact of the
conductor with the grid by sagging when
the ‘metal is expanded at high temperature
is prevented. In Fig. 8 a plurality of loops
are used in order to increase the amount of
cathode surface. The filaments are con-
nected in parallel by means of conductors
26, 27. In Fig. 4 not only the grid 28 is
wound upon frame 29, but also the cathode
wire 30 1s wound upon stout metallic con-
ductors 31, 82, consisting preferably of tung-
sten. The conductors 81 and 32 are attached
respectively to an anchoring wire 33 and to
two springs 34, 35, serving to hold taut the
turns of the tungsten wire constituting the
eathode, and to prevent them from coming
into contact with the grid wire 28, The

stranded copper conductor 36 may be used 7

to conduct current to the cathode.

In preparing the apparatus, the prelimi-
nary exhaust is carried out by the most im-
proved methods, such as used in incandes-
cent lamp manufacture. The anodes are
then subjected to an electron discharge or
bombardment by impressing a suitable volt-
age between cathode and anode. When the
anode consists of a conductor such as wire
11, Fig. 1, it is preferably heated by pas-

sage of current either before or during the

If desired the grid 4 may

bombardment,

- also be heated during the evacuation of the
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device.  When the anode is plate shaped
heating may form part of the treatment by

‘very high as substantially all t
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electron bombardment, the discharge eur-
rent being made heav
anode. The voltage should be so chosen at
the beginning of the electron discharge treat-
ment that blue glow is absent in the tube as
this indicates that ionization of the residual
gas by collision of gas molecules with elec-
trons is taking place and under these condi-
tions disintegration of the cathode is apt to
take place. The discharge voltage is pro-
gressively increased, the gas being removed
as fast as evolved, preferably by a Gaede
molecular pump. This treatment is ordi-
narily continued until the discharge voltage
is higher than the voltage at which the de-
vice is normally opemteé, but this rule will
not hold true when the operatin voltage is

be removed before the operating voltage is
exceeded. Evacuation of the device should
preferably be carried to a pressure as low
as a few hundredths of a micron or even
lower although no definite limits may be
assigned. In any event, the evacuation
should be so low that no appreciable gas
ionization takes place during hormal opera-
tion. When the cathode and anode are very
close together and the discharge is confined
to a direct path, a greater gas pressure is
permissible than when the opposite is true.

An electron discharge tube may be used
in various electrical systems, for example,
as in receiving systems for radio teleg-
raphy. The passage of electron current
across the evacuated space between cathode

cnough to heat the -
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-and anode is controlled by the static poten- .

tials impressed upon the grid. A tube pre-

pared as above described may be used to
transmit currents limited in potential only
by the dielectric strength of the glass,
quartz or other material of the tube and the
mechanical strength of parts subjected to
static forces.

105

What I claim as new and desire to secure -

by Letters Patent of the United States, is :— -

1. An electron discharge device compris-
ing an evacuated receptacle containing a fil-
amentary cathode adapted to be heated to
incandescence, a codperating anode, a grid
made up of a plurality of turns of wire sur-
rounding sai(f cathode and terminals. for

110
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both ends of said grid wire sealed into the -

wall of said receptacle, whereby current may
be passed through the grid wire.
2. An electron discharge device compris-

ing an evacuated receptacle ,containing a
to

filamentary cathode adapted to be heate
incandescence, a cobperating anode, a grid
made up of a plurality of turns of wire sur-
rounding said cathode, and interposed be-
tween cathode and anode, terminals for both
ends of said grid wire sealed into the walls
of said receptacle,
said anode independently of the current
passing between cathode and anode,

and means for heating
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8. An electron discharge device compris-
ing an evacuated receptacle containing a
filamentary cathode, means for passing a
current through said cathode for heating it
to incandescence, 'a grid made up of a plu-
rality of turns of wire surrounding said

-cathode and means for producing a differ-

ence of potential between the ends of said
grid wire corresponding to the difference of
potential between the terminals of the
cathode. : _

4. An electron discharge device compris-
ing an evacuated receptacle containing a
cathode adapted to be heated to incandes-
cence, a codperating anode, and a discharge
controlling grid and means whereby the
same difference of potential may be produced
between cathode and grid at all points along
the length of the cathode. -

5. An electron discharge device compris-

ing an evacuated receptacle containing a

cathode in the form of a substantially straight
filament which is adapted to be heated to
incandescence, a grid consisting of a- plu-
rality of turns of wire surrounding said
filament and terminals for both ends of said

grid wire sealed into the wall of said recep-

tacle. . :

6. Means for amplifying electric currents
comprising an electron discharge device hav-
ing a filamentary cathode, a coGperating
anode and a grid consisting of a plurality

" “of turns of wire surrounding said cathode,

‘ 1,273,630 a

a source of current for heating said cathode,
a second source of current of the same po-
tential as the first source for producing a
potential gradient along the grid the same
as that along the cathode, and means for
supplying the current to be amplified to a
circuit conneeting the grid and cathode.

7. Means for amplifying electric currents
comprising an electron discharge device hav-
ing a filamentary cathode, a colperating
anode and a grid consisting of a plurality
of turns of wire surrounding said cathode,
a source of current for heating said cathode,
means for impressing a potential difference
between the ends of said grid equal to that
between the ends of the eathode, and means
for impressing a variable potential between
the grid and cathode. ‘

8. Means for amplifying electric currents
comprising an electron discharge device hav-
ing a cathode adapted to be heated to in-
candescence, a codperating anode and a dis-
charge controlling grid inclosed in an evac-
uated receptacle, said cathode and grid being
so constructed and arranged that when the
cathode is heated to incandescence the same
difference of potential may be impressed be-
tween all points on the cathode and the
points on the grid nearest thereto.

In witness whereof, I have hereunto set
my hand this 16th day of February, 1918.

IRVING LANGMUIR.
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